Negative priming occurs when a response is slower to a target that was a previously ignored stimulus. According to a computational model of inhibition, negative priming results from relative activation between a target and a distractor in probe trials. Thus, the degree of competition in the probe trial should influence negative priming. The results from three experiments supported this hypothesis. Probe distractors grouped with a target by a rectangle produced a larger negative priming effect than did distractors isolated from the target. Moreover, neither prime-probe similarity nor perceptual interference could explain the grouping effect. The results suggest that perceptual mechanisms can influence negative priming via a race in the probe trial.
As a person perceives and responds to task-relevant stimuli, distractors act on attention as decoys. Focused attention is required to correctly integrate task-relevant features (Treisman & Gelade, 1980) . Without it, a person can easily misidentify a stranger in a crowd who looks like a friend. Focused attention is also required to prevent slips in action (Tipper, Meegan, & Howard, 2002) . Without it, a person can easily press the wrong buttons in making a phone call. When attention is focused on stimuli relevant to behavioral goals, inhibitionis a viable strategy by which selection mechanisms may reduce distractors' interference.
However, inhibition is not without a cost. The cost surfaces when a decoy becomes the target, as the paradigm of negative priming demonstrates. Negative priming requires the use of pairs of consecutive prime and probe trials. Participants are asked to respond to a target item while ignoring other, distracting items. When the distractor item from the prime trial becomes the target item in the subsequent probe trial (the ignored repetition [IR] condition), participants' responses are slower or less accurate, in comparison with their responses in conditions in which prime and probe trials share no items (the control condition). This delay in response is a demonstration of the negative priming effect, the cost of selective attention in information processing. If the priming effect is a measure of change in the activation state of item representation (see Milliken, Lupiáñez, Debner, & Abello, 1999 , for a discussion on what negative priming can reflect), negative priming can be considered to reflect the inhibitory component of selective attention (Neill, 1977; Tipper, 1985; Tipper & Cranston, 1985) .
Because everyday cognition involves information selection, inhibition should operate universally across different cognitive tasks. The evidence indeed has supported the universal nature of inhibition in cognition (see Dagenbach & Carr, 1994) and also the occurrence of the negative priming effect across a variety of tasks, including naming (Neill, 1977) , location judgment (Tipper, Brehaut, & Driver, 1990) , lexical decision (Yee, 1991) , categorization (Chiappe & MacLeod, 1995; Tipper & Driver, 1988) , perceptual matching (DeSchepper & Treisman, 1996) , and size judgment (MacDonald, Joordens, & Seergobin, 1999) . Negative priming has also been observed with a variety of stimulus materials: simple symbols (Tipper et al., 1990) , letters (Tipper & Cranston, 1985) , objects (Tipper, 1985; Tipper & Driver, 1988) , words (Malley & Strayer, 1995) , colored words (Neill, 1977) , and nonsense shapes (DeSchepper & Treisman, 1996) .
To operate effectively in various contexts, the human information-processing system should conserve cognitive resources and initiate inhibition in the prime trial only when distractors compete for selection, because ubiquitous as it is, inhibition itself demands cognitive resources (Conway, Tuholski, Shisler, & Engle, 1999; Engle, Conway, Tuholski, & Shisler, 1995) . At times, through the lengthening of the interval between the prime and the probe trials, a task may require maintenance of inhibition over a long period, such as 2,500 msec (Hasher, Zacks, Stoltzfus, Kane, & Connelly, 1996) or 6,600 msec (Tipper, Weaver, Cameron, Brehaut, & Bastedo, 1991) . Evidence has emerged to support the view that inhibition is sensitive to the activation of prime distractors (Houghton & Tipper, 1994) and that it operates when irrelevant information in the prime display arouses strong competition (Malley & Strayer, 1995; Strayer & Grison, 1999 ; but see Neill & Joordens, 2002 , for a rebuttal). Negative priming thus reflects the operation of a protecting mechanism (Moore, 1994; Tipper & Cranston, 1985) that reacts to selection difficulty.
Protection is at work when prime distractors are in close proximity to the target. To demonstrate negative priming, researchers often use overlapping stimuli, with a distractor superimposed on a target (e.g., Neumann & DeSchepper, 1991; Tipper 1985) , or use a flanker display (e.g., Fox, 1994; Fuentes, Humphreys, Agis, Carmona, & Catena, 1998) in which distractors are positioned beside the target. Moreover, Fox (1994) observed the negative priming effect only when prime distractors were near (0.97º) or at a medium distance from (1.7º) the target and observed no effect when distractors were far from (2.6º) the prime target. That is, only prime distractors close to the target can impose strong competition and elicit inhibition when the distance between the target and the distractors is manipulated.
Prime distractors in a state of high activation also impose strong competition and influence negative priming. Assuming that repetition increases activation, Strayer and his colleagues (Malley & Strayer, 1995; Strayer & Grison, 1999) manipulated the level of competition by using either repeated or nonrepeated stimuli as prime distractors. They found negative priming only when the prime distractors were repeated stimuli, and not when the distractors were nonrepeated stimuli (see Joordens, 2002, and Strayer, Drews, & Albert, 2002 , for discussions of the impact of stimulus repetition on negative priming). Furthermore, the contingency of negative priming on stimulus repetition was universal across age groups between college students and elderly participants (Kramer & Strayer, 2001 ).
With evidence converging to support the fact that strongly competitive prime distractors elicit the inhibitory element of selective attention, less effort has been devoted to understanding how the characteristics of probe distractors can influence negative priming. Yet results have shown that negative priming depends on the presence of probe distractors (Lowe, 1979; Tipper & Cranston, 1985) . The presence of probe distractors may serve multiple functions. One is to provide prime-probe similarity, given that distractors are usually present in the study of negative priming (but see Milliken, Joordens, Merikle, & Seiffert, 1998 , on the lack of necessity for prime distractors). According to the memory retrieval view (Neill & Mathis, 1998; Neil, Terry, & Valdes, 1994; Neill, Valdes, Terry, & Gorfein, 1992) , negative priming results from a retrieval of inappropriate information from previous episodes. When a person processes a target that was a distractor in a recent episode, retrieval of incompatible memory traces, such as the response tag "do not respond to it," interferes with the correct response. It takes time to resolve the conflict in response selection, resulting in the negative priming effect. Because perceptual similarity can influence the retrieval process by the encoding specificity principle (Tulving & Thomson, 1973) , similarity in the prime-probe couplets through the presence of probe distractors can influence negative priming.
Another function of the probe distractor is to impose competition with the probe target in the selection process, the same role as that played by the prime distractors. The objective of this study was to verify how the degree of competition imposed by probe distractors would influence negative priming. Houghton and Tipper (1994) in their computation model suggested this role of probe distractors to account for the dependency of negative priming on probe distractors. Response, in this model, depends on a race between the probe target and the probe distractor. For a correct response to be made, the activation level of the target must be sufficiently higher than that of the distractor. In comparison with the control condition, the internal representation of a prime distractor is inhibited in the IR condition, and thus the initial activation level of this item at probe onset as a target is below the resting baseline level. In contrast, the activation level of a probe distractor is at the resting level at probe onset. Because the activation level of the probe target is lower than that of the probe distractor, it takes longer for the processing system to accumulate the target's activation level enough to surpass that of the distractor. Negative priming results. When the distractor is absent in the probe trial, response to an inhibited target can still be output quickly, because it has no competitor in the race. Behavioral measures cannot detect the cost of inhibitionwhen probe distractors are absent. Thus, negative priming is manifested only when there are probe distractors in the race.
Although the inhibition account explicates how race in the probe trial can influence negative priming, the memory retrieval account (Neill, 1997; Neill & Mathis, 1998; implicates the role of probe competition. According to Neill's theory, the relative speeds for the algorithmic computation and the memory retrieval of a target determine task performance. Negative priming is manifested when memory retrieval prevails. Strong competition in the probe trial can lengthen algorithmic computation for memory retrieval of the inappropriate response information, producing negative priming. Thus, competition in the probe trial should also influence negative priming.
Because the level of competitionimposed by probe distractors influences the amount of activation that the processing system must accumulate in the target representation to win the race in the inhibition account and to delay algorithmic computationin the retrieval account, it should affect target selection and, hence, negative priming (Chao, 2001) . That is, strongly competitive probe distractors should produce a larger negative priming effect than do weakly competitive distractors. Empirical evidence testifying to the hypothesis, however, is equivocal.
Manipulating the degree of stimulus repetition, Chao (2001) demonstrated that the level of competition imposed by probe distractors could influence negative priming in certain contexts. For example, when the manipulation of configurative similarity was not salient enough to trigger memory retrieval (e.g., maintaining the same linear layout or rotating the layout 90º), distractor competition in the probe trial influenced negative priming. Probe distractors from a small set of stimuli that were repeated throughoutthe experimentalsession produced a larger negative priming effect than did distractors from a large set of stimuli that did not occur until the prime trial. Yet Moore (1994) and Milliken et al. (1999) showed that the degree of competition was not crucial in negative priming. Negative priming could be manifested when probe trials did not contain conflicting information.
Studies in which the interaction between activation and inhibition in negative priming (Lowe, 1979; Neumann & DeSchepper, 1991; Stadler & Hogan, 1996) also has been investigated have shown mixed results with respect to the prediction of the competition hypothesis. In these studies, researchers manipulated the level of activation in the probe target and distractors by using stimuli that had been prime targets, were neutral letters, or had been prime distractors, with the assumption that the level of activation would decrease accordingly. Inconsistency could be shown in a comparison of the results of two conditions in which probe targets were the prime distractors while probe distractors were either neutral (e.g., c b c ® n c n) or prime targets (e.g., c b c ® b c b). Internal representations of probe distractors in the latter condition should be at a higher level of activation, because of recent excitation. Given that target activation was identical in these two conditions, negative priming should be larger in the latter condition than in the former, if distractor competition in the probe trial was important. Although two studies (Neumann & DeSchepper, 1991; Stadler & Hogan, 1996) showed the predicted pattern, one study (Lowe, 1979) showed a reverse pattern. Because of differences in methodology, it is difficult to account for the inconsistency.
Since the role of competitors in probe distractors is as yet undetermined, we examine how probe distractors may influence negative priming through perceptual grouping with the target. The hypothesis is that distractors grouped with a target impose greater competition than do distractors that are not grouped with the target. If the degree of competition influences the race at probe onset, distractors grouped with the target should result in a larger negative priming effect.
Perceptual grouping is a way to control the unit on which selective attention focuses. Visual attention can be object based (Baylis & Driver, 1992; Duncan, 1984) , and selective attention to visual attributes in a single object is more efficient than attention to the same attributes in two objects (e.g., Duncan & Nimmo-Smith, 1996; Lappin, 1967) . Stimulus identification of a word and detection of a gap in an outline box is better when they form a perceptual unit (Treisman, Kahneman, & Burkell, 1983 ). Information from different feature dimensions can be processed in parallel if they belong to the same object (Allport, 1971; Wheeler & Treisman, 2002; Wing & Allport, 1972; Xu, 2002) . Furthermore, perceptual grouping by common fate, such as color (Baylis & Driver, 1992) or motion (Driver & Baylis, 1989) , can influence selective attention. Grouping of display elements by symmetry, closure, or both also influences selection (Donnelly, Humphreys, & Riddoch, 1991; Pomerantz, 1981) .
Because visual attention spreads across the entire spatial extent of objects (Davis, Driver, Pavani, & Shepherd, 2000) , all elements in the same group are processed together (Duncan, 1995) . Because all elements in the same group are processed together and receive activation, distractors grouped with a target in the same perceptual group should impose greater competition than do distractors that are not grouped with the target. Perceptual grouping thus should influence negative priming. Fox (1998) demonstrated the influence of perceptual grouping in the prime display on negative priming. She found that distant distractors in a prime display that shared the same color as the target could induce negative priming, whereas near distractors with a different color did not produce negative priming. Distant distractors connected to targets by horizontal lines in the prime display as a perceptual group also produced negative priming, whereas distant distractors isolated from the target produced a marginally positive priming effect in the IR condition.
However, Fuentes et al. (1998) showed that distractors grouped with a prime target could facilitate processing when they became probe targets. Similar to Fox's (1998) study, they used a flanker display (Eriksen & Eriksen, 1974) with two identical distractors positioned next to a target. They showed positive priming when two flanking distractors were grouped with the prime target in a rectangle. Although the two studies on negative priming had contradictory findings on the influence of perceptual grouping in the prime display, the results showed that distractors are activated along with the target when they are grouped in the same unit. The difference lies in the subsequent fate: Prime distractors remained activated in the study of Fuentes et al. (1998) and were inhibited in Fox's (1998) study. Task requirements may have caused the difference in findings (Fuentes et al., 1998) . We assumed that probe distractors should also be activated, along with a target, when they were grouped with the target as a larger unit. We expected to find larger negative priming in this condition, because of the stronger competition imposed by probe distractors, which would delay the target from winning the race at probe onset. The results from the three experiments of this study supported this prediction.
EXPERIMENT 1
The presentation used a flanker display with a rectangle in the probe display to manipulate perceptual grouping. Rather than asking the participants to match the targets across prime and probe trials, as Fuentes et al. (1998) did, we used a naming task such that the participants did not need to remember the prime target while processing the probe display. A target and its two distractors in the probe trial were either grouped together within a rectangle (highcompetition condition) or not (low-competition condi-tion), whereas targets and distractors of prime trials were always grouped together by a rectangle (see Figure 1) . We predicted larger negative priming in the former than in the latter condition.
Method
Participants. Twenty undergraduate students at National Taiwan University participated in this experiment for a bonus credit in an introductory psychology course. All the participants were naive as to the purpose of the experiment and had normal or corrected-to-normal vision.
Design and Stimuli. A 2 (couplet type: IR/control) 3 2 (level of competition: high/low) factorial design was used. There were 16 prime-probe couplets in each of the four conditions, producing 64 prime-probe couplets in the experiment. Each couplet consisted of a prime trial and a subsequent probe trial. In the control condition, the prime trials and the probe trials shared no items. In the IR condition, a prime distractor became the probe target of the same couplet. Negative priming was measured by contrasting performance in the IR condition with that in the control condition.
Eight Chinese character words of high count frequency, ranging from 1,765 to 2,017 per million (Ministry of Education, 1997) and with the number of strokes ranging from five to eight were used as stimuli. Each word was repeated with equal frequency as a prime target, a prime distractor, a probe target, and a probe distractor throughout the experiment. Inhibition should operate in this context because prime distractors of high activation from repetition impose strong competition (Malley & Strayer, 1995; Strayer & Grison, 1999) . Our interest, however, was the influence of perceptual grouping in probe displays on negative priming-that is, the interaction between the two variables in the design.
The target was presented on the screen center, with another word flanking it on both the left and the right sides. The participants viewed the stimuli at a distance of approximately 60 cm. At the viewing distance, each word subtended a visual angle of 0.86º vertically and 0.86º horizontally. The center-to-center distance from the target to a distractor was 2.48º of visual angle. All the stimuli were presented in white on a black background. The rectangle surrounding a target and two distractors was also presented in white. It was positioned so that the stimulus display was in the center of the rectangle. The rectangle had a width of 7.78º, a height of 1.43º, and a border thickness of 0.19º.
Procedure. The experiment was run by DMDX software (Forster & Forster, 2003) . Naming latency was measured with a microphone connected to an audio card, and the experimenter recorded naming accuracy. Each participant was tested individually.
The participants were instructed to name the center target as quickly and as accurately as possible. They were also told to ignore the two words adjacent to the target, because the distractors could interfere with their responses. To provide a rationale for the presence of a rectangle, the participants were further told that this rectangle was there to assist them to localize the target. Eight practice trials were conducted to familiarize the participants with the experimental procedure. All the prime-probe couplets were then run in a random sequence, with a rest period halfway through the experiment.
The time course of a prime-probe couplet was as follows. A cross on screen center and a "ding" sound were simultaneously presented for 300 msec as a warning signal. A stimulus display was subsequently presented on the screen until the participant spoke the word or until 3 sec had elapsed. The next warning display was presented with a delay of 200 msec after the participant had said the word. There were no procedural differences between the prime trials and the probe trials in order to eliminate any observable distinction between the prime trial and the probe trial as a couplet. 
Results
A total of 4.21% of the trials were excluded from data analysis because of recording failures (e.g., the voice was not registered or the participant coughed) or errors in responding to the prime display. Thus, both reaction time (RT) and accuracy reflected the performance in correctly naming probe targets contingent upon correct response to the prior prime targets. The average median RT and accuracy for each condition are presented in Table 1 .
Median RTs were analyzed with a repeated measures analysis of variance (ANOVA). This analysis showed that the main effects both of couplet type [F(1,19) 
Discussion
The results of this experiment showed that negative priming was observed only when the distractors were grouped with the target in the probe display. This finding supports the competition hypothesis-that is, the competition imposed by the probe distractors is critical to the manifestation of negative priming. When a rectangle was present, the distractors were activated at probe onset and inflicted strong competition against the target in the selection process race. When the rectangle was absent, visual attention could focus on the target more effectively. The probe distractors imposed less competition, and their internal representation received less activation.An inhibited target could still be output quickly, and the cost of inhibition was not observed, in this low competition condition.
The results, however, may have reflected the effect of prime-probe similarity, rather than indicating the influence of distractor competition. Empirical evidence has shown that the magnitude of the negative priming effect is influenced by the similarity between the prime and the probe trials, with larger negative priming when the prime and the probe trials share similar characteristics, such as display luminance contrast (Fox & de Fockert, 1998; Stolz & Neely, 2001) , stimulus onset asynchrony between a target and a distractor (Neill, 1997 ; but see Moore, 1996 , for different results), target-distractor distance and response compatibility (Neill & Valdes, 1996) , or configurative layout (Chao & Yeh, 2002 ; but see Wong, 2000, for different results). By presenting a rectangle in the prime display and manipulating grouping in the probe display with the presence of a rectangle, we also varied the prime-probe similarity.
In the high-competition condition, in which a rectangle is present in both the prime and the probe displays, prime trials and probe trials are similar in both perceptual configuration and the level of competition. In the lowcompetition condition,in which a rectangle is present only in the prime display, prime trials and probe trials are dissimilar in perceptual configuration and the level of competition. According to the memory retrieval view, perceptual similarity can influence the retrievability of the prime trial and, hence, the magnitude of negative priming. Thus, the results of Experiment 1 could have resulted from easy retrieval in the high-competitioncondition, rather than reflecting distractor competition. To examine this alternative explanation, we conducted Experiment 2.
EXPERIMENT 2
Experiment 2 was designed to test whether the larger negative priming effect in the high-competitioncondition of Experiment 1 resulted from prime-probe similarity in perceptual configuration or level of distractor competition. The design of this experiment was identical to that of Experiment 1, with only one exception. To increase competition from prime distractors (Malley & Strayer, 1995 ; Strayer & Grison, 1999) , the distance of prime distractors to prime target was reduced (see Figure 1 for an illustration). 1 Given that a rectangle was present in the probe display of the high-competition condition, whereas no rectangle grouped probe stimuli in the low-competition condition, perceptual similarity should be higher in the latter condition than in the former condition. 2 According to the inhibition account, negative priming should be larger when the competition from probe distractors is high, despite the lower similarity in a primeprobe couplet. Whether the memory retrieval account predicts the same result depends on the relative strength between the effect of competition in algorithmic computation and the impact of contextual similarity on memory retrieval. In the high-competition condition, both algorithmic computation and memory retrieval should be delayed. Computation in target analysis is lengthened because probe distractors impose strong competition; memory retrieval is delayed because perceptual similarity is relatively low. If the delay in computation is longer than the delay in retrieval, negative priming should manifest, because memory retrieval can complete the process before computation. In contrast, episodic retrieval in the low-competition condition should be faster than algorithmic computation, because stimulus familiarity from repetition and high word frequency and also relatively higher perceptual similarity should encourage memory retrieval. Negative priming should manifest.
Method
Design, Stimuli, and Procedure. With the exception that the center-to-center distance from the target to a distractor in prime trials was reduced to 1.15º in visual angle, all other aspects were identical to those in Experiment 1.
Results
A total of 3.67% of the trials were excluded from data analysis because of recording failures (e.g., the voice was not registered, or the participant coughed) or errors in responding to the prime display. 
Discussion
This experiment replicated the f indings of Experiment 1. Significant negative priming was observed when competition from probe distractors was high, but not when prime displays and probe displays were similar to each other. Thus, the level of competition imposed by the probe distractors, not the prime-probe similarity, influenced negative priming in the present experimental context. Yet the accuracy data showed more errors in the IR condition, whether competition from probe distractors was high or low. This negative priming effect in accuracy is interesting and deserves further study.
EXPERIMENT 3
Perceptual grouping was used in Experiments 1 and 2 to manipulate competition from probe distractors. Because the high level of competition always entailed the presence of a rectangle, the effects might have resulted from perceptual interference introduced by the rectangle, rather than reflecting the effect of competition from probe distractors. With perceptual interference, target identification may have been impaired. Kane, May, Hasher, Rahhal, and Stoltzfus (1997) have suggested that when target identification is impaired, prior context becomes useful, and memory retrieval is induced to produce negative priming. Thus, it is plausible that negative priming was in- duced by memory retrieval, and not by the level of competition imposed by probe distractors.
To examine this possibility, Experiment 1 was replicated, but a small rectangle was placed around the probe target in the low-competition condition (see Figure 1) . With this design, the influence of competition level was decoupled from the effect induced by the presence of a rectangle. In the low-competition condition, perceptual interference on probe targets was equivalent to or larger than that in the high competition condition, because the left and right borders were adjacent to the targets. If negative priming in the high-competitioncondition of Experiments 1 and 2 resulted from perceptual interference, equivalent or larger negative priming than that in the highcompetition condition should occur. On the other hand, competition from distractors should be less than that in the high-competition condition, because the small rectangle did not group distractors with their target. If competition from probe distractors is important, a larger negative priming effect in the high-competition condition should occur, because distractors were grouped with the target.
Method
Design, Stimuli, and Procedure. The method in this experiment was identical to that in Experiment 1, except for the use of a small rectangle surrounding the target in the low-competition condition.
Results
A total of 4.22% of the trials were excluded from data analysis. Table 3 presents the average median RT and accuracy for each condition. Median RTs were analyzed with a repeated measures ANOVA. The effect of couplet type significantly interacted with the effect of level of competition [F(1,19) 5 4.57, MS e 5 254.46, p , .05]. An analysis of simple main effects revealed that the effect of couplet type was significant when the level of competition was high [F(1,38) 5 6.22, MS e 5 292.13, p , .05], but not when the level of competition was low [F(1,38) 5 0.11, p . .15]. The other two main effects were not significant ( ps . .10). Accuracy data were also analyzed with an ANOVA, and the results showed no significant effects ( ps . .10).
Discussion
Although a small rectangle placed near the target in the low-competition condition imposed perceptual interference that was equivalent to or larger than a large rectangle in the high-competition condition, the results replicated the pattern of Experiments 1 and 2. That is, there was significant negative priming when the probe distractors were grouped with the target, but not when the probe distractors were isolated from the target. Thus, the probe distractor competition effect should be attributed to the competition from probe distractors, not merely to the perceptual interference from the rectangle.
GENERAL DISCUSSION
The results of three experiments supported the hypothesis that competition imposed by probe distractors can influence negative priming. Because selective attention guided by perceptual grouping processes all elements in the group, distractors of the same group receive more activation at probe onset than do distractors of a different group. As a result, those of the same group impose stronger competition in the race at probe onset than do distractors of a different perceptual group. Distractors of the same group further delay the race with target selection and produce greater negative priming. The results from the three experiments support this prediction and showed significant negativepriming when probe distractors were grouped with a target in the same unit. No priming occurred when probe distractors were not grouped with targets.
Moreover, perceptual similarity in display configuration cannot account for this finding, because the results of Experiment 2 showed that there was significant negative priming when the competition imposed by the probe distractors was high, but not when prime-probe trial was similar (competition from the probe distractors was low). Neither can perceptual interference explain the finding, because the results of Experiment 3 failed to show negative priming when the probe targets were surrounded by a small rectangle and the distractors were not grouped with targets. Perceptual grouping by a rectangle indeed modu- lates the degree of competition imposed by distractors via altering the degree of activation that the distractors receive. The impact of distractors on selection process, however, is intricate. Perceptual grouping did not influence performance on the probe trials in the control condition of any of the three experiments. The influence of distractor competition manifested only in the IR condition, in which the target was a recently inhibited distractor. One possible reason for the null results in the control conditionwas our use of stimuli of high activation, from high word frequency and also repetitive presentation in an experiment. A probe target in the control condition, given its high activation, was less influenced by the competition imposed by probe distractors.
If the competition effect in the control condition reflects the degree of interference imposed by distractors, the results show dissociation between interference and negative priming effects. Although measures of response competition and negative priming usually show a positive correlation, as is predicted by both inhibitionand retrieval accounts of negative priming (see Fox, 1998, and Hasher, 1995 , for discussions on the relation), dissociation does exist between interference in the prime trial and negative priming in the probe trial (see May et al., 1995) . For example, Fox (1994 Fox ( , 1995 found reduced distractor interference when the location of a prime target was precued, and yet the effect of negative priming was not altered by precuing. That is, significant negative priming can be found even when data show no interference effect induced by distractors. Richards (1999) replicated the dissociation induced by precuing. Coloring a single letter of a word eliminated Stroop interference, and yet negative priming remained intact (Marí-Beffa, Estévez, & Danziger, 2000) . In Experiment 4 of Fox's (1998) study, prime distractors not grouped with targets by connecting lines did not produce a response competition effect and yet resulted in a marginally significant positive priming effect in probe trials. Similarly, object-based grouping influenced negative priming (Fox, 1998; Fuentes et al., 1998 ) and yet failed to produce interference in certain experimental contexts (Shomstein & Yantis, 2002) .
The experimental context also influences the impact of distractors on the selection process. Only a small set of stimuli was used in this study. According to Strayer and his colleagues (Malley & Strayer, 1995; Strayer & Grison, 1999) , stimuli that have been repeated many times in an experimental session are in a state of high competition. Thus, the distractors in the low-competition condition of this study should also have competed strongly, because we used a small set of eight Chinese character words. Yet no negative priming was observed in this condition. Tipper et al. (2002) have emphasized the notion of relative salience in accounting for different findings under identical conditions that are embedded in different experimental contexts. We agree and suggest that relative salience may have produced the null effect of negative priming in the low-competition condition. Tipper et al. (2002) indicated that competition from distractors is not absolute. The psychological magnitude of competition is determined by the intensity of the stimulus itself, relative to the intensity of other stimuli. Thus, the level of competition from the same stimulus may vary as the context alters. In this study, high-and low-competition trials were randomly mixed in an experimental session. As compared with the higher level of competition in trials with perceptual grouping, the level of competition is relatively low in trials without perceptual grouping. The relative salience differentiates low-competition trials (i.e., target and distractors are not grouped together) from highcompetition trials (i.e., target and distractors are grouped together). Thus, negative priming is observed in the highcompetition condition,and not in the low-competitioncondition. Distractor competition at probe onset is important.
The importance that distractor competition has in probe trials can explain the finding that the negative priming effect was smaller or was eliminated when interference from probe distractors was low. Kane et al. (1997) found a trend of positive, instead of negative, priming when removing pixels or adding visual noise to perceptually degrade probe distractors. When neither probe targets nor probe distractors were perceptually degraded, a significant negative priming effect was found. It is likely that perceptual degradation can reduce competition from probe distractors, which is important to the manifestation of negative priming.
The importance that distractor competition has in probe trials can also explain the finding that the negative priming effect was larger when interference from probe distractors was high. The results in Stadler and Hogan's (1996) study support the involvement of probe distractors in negative priming. In one condition (IA), equivalent to the conventional IR condition, the prime distractor became the target of the subsequent probe trial (e.g., d t d ® n d n). They found a significant negative priming effect (211 msec), in comparison with the control condition. In another condition (AI), the prime target became the distractor of the subsequentprobe trial (e.g., d t d ® t n t). Because the probe distractors had been recently attended, they had a high level of activation and, hence, a high level of competition. A significant competitioneffect was observed (28 mesc). In a third condition (IA/AI), the prime distractor became the probe target and the prime target became the probe distractor (e.g., d t d ® t d t). They found a larger negative priming effect (244 msec) in the IA/AI condition. This cost cannot be explained by the summation of the negative priming effect and the competition effect, because it is larger than the sum of these two effects (219 msec). Instead, this interaction implies that negative priming is larger when probe distractors impose strong competition.
Assuming that probe distractors in the same perceptual group impose strong competition, the influence of distractor competition at probe onset is consistent with Houghton and Tipper's (1994) inhibition account of negative priming. The memory retrieval account (Neill, 1997; Neill & Joordens, 2002; Neill & Mathis, 1998; also can account for the results in the highcompetition condition, by proposing that the high competition imposed by the probe distractors lengthened algorithmic computation,so that memory retrieval prevailed in determining task performance. Thus, negative priming manifested in the high-competition condition. The retrieval account, however, needs to explain why negative priming did not manifest in the low-competitioncondition of Experiment 2. In this low-competition condition, stimulus activation was high, and the perceptual similarity was relatively higher than similarity in the high-competition condition, encouraging memory retrieval. Yet negative priming was not significant.
Negative priming appears to be the result of multiple mechanisms that are dynamically influenced by the experimental context and, hence, the relative salience of different manipulations. In addition to serving as competitors in the selection race at probe onset, characteristics of the probe distractors can influence attentional set (Milliken et al., 1999) and memory retrieval (Neill et al., 1994; . The role of competition in probe distractors was demonstrated in this study, in which every probe trial consisted of conflicting information. Moreover, the similarity manipulation in Experiment 2 may have been less salient than the manipulation of distractor competition.Thus, the role as a competitor in the selection race at probe onset masks the influence of similarity manipulation.
In an experimental context in which nonconflict trials are randomly mixed with conflict trials during probe trials (Moore, 1994) or in which the probability of nonconflict trials is low at 25% (Milliken et al., 1999) , probe trials without conflicting distractors also show negative priming. That is, competition from probe distractors is not important. The selection state (Moore, 1994; Tipper & Cranston, 1985) or an attentional set (Milliken et al., 1999 ) is more important in this context. Negative priming manifests when participants adopt an attentional set to prevent translation of distracting information into a response (Milliken et al., 1999) . This attentional set is initiated when nonconflict and conflict trials are randomly mixed with equal frequency or when conflict trials occur more frequently. Perhaps it is more efficient for the human information-processing system to maintain a constant selection state than to turn selection mechanisms on and off. When the majority of the trials do not contain distracting information, the attentionalset is not activated, to conserve cognitive resources. Thus, negative priming is eliminated for nonconflict trials when the probability of their occurrence is 75% (Milliken et al., 1999) or when nonconflict trials are presented in separate blocks (Moore, 1994) .
In addition to their role of changing the attentional set or as competitors in the race with the target, probe distractors also can provide contextual cues for operation of the retrieval process. Because the retrieval process plays an important role in negative priming (Neill & Mathis, 1998; Neill et al., 1994; Tipper, 2001 ), the priming effect should be subject to the influence of variables that affect the retrieval process. Because probe distractors can influence contextual similarity in reference to prime trials, they should influence the retrieval process through the encoding specificity principle (Tulving & Thomson, 1973) . Evidence in support of this role of probe distractors shows that negative priming is influenced by prime-probe similarity. Prime-probe similarity in perceptual configuration, level of competition, or both could have produced the accuracy data in Experiment 2.
In sum, probe distractors play multiple roles in the manifestation of negative priming-as a contextual cue for memory retrieval, as an igniter for attentional set, and as a competitor in the race at probe onset. Negative priming is not simply the result of reactive inhibition as a protection against competitionin prime trials. Negative priming, instead, results from the dual flow of information where the past ( prime) and the present ( probe) interact (Tipper, 2001 ). The challenge is to uncover the dynamics in the interaction between the past and the present that influence everyday perception and performance.
